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Objective: There is limited evidence on social, educational, and occupational factors as predictors of
response to total hip replacement (THR). We aimed to analyze these factors in a large population-based
setting.
Method: Patients of the Dresden Hip Surgery Registry were recruited and the pre and post (6 months)
operative functional status was assessed using the global Western Ontario and McMasters Universities
Osteoarthritis Index (WOMAC) score (0e100 points). Non-response was deﬁned a gain of <20 points in
WOMAC score over a 6 months period and was analyzed with respect to six socioeconomic parameters.
Multiple logistic regression modeling was applied to adjust for age, sex, BMI, co-morbidity, and preop-
erative functional status.
Results: Data from 1007 patients (mean age 61 years, STD 13; 55% women) were included. The average
preoperative WOMAC score was 45.8 which increased to 84.4 after surgery. 38.2%, 36.6%, and 25.3% of the
patients attended school for 8, 9, and 12 years, respectively. 54.1% were retired, 26.9% worked full time,
and 6.7% received a disability pension. A 14.8% of the patients did not achieve a gain of 20 points in
WOMAC score and were classiﬁed as non-responders. After control for confounders, signiﬁcantly
increased risks of non-response were found for widowed patients compared to singles [odds ratio (OR)
4.30, 1.45e12.71], those who lived alone (OR 1.70, 1.02e2.85), and patients with a disability pension
compared to those who worked full time (OR 5.81, 2.33e14.46). The risk of non-response decreased with
increasing length of school education (12 vs 8 years: OR 0.49, 0.27e0.89). Compared to workers,
employees (OR 0.55, 0.33e0.90) and self-employed patients (OR 0.41, 0.18e0.94) showed signiﬁcantly
decreased risks of non-response.
Conclusion: Socioeconomic parameters are independent predictors of response to THR. This can help to
improve the health service by identifying subgroups which need special attention in order to increase
the response rate.
 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Hip osteoarthritis (HOA) is a major public health problem
associated with considerable loss of health-related quality of life,
therapeutic demands, and high cost1. Recent population-based
studies estimated the prevalence of HOA as 5.5% for 24e76-year
olds in Norway2 and 5.0% for 40e75-year olds in France3. German
population-based data are scarce4. According to an older study of
hip X-rays 10% of women and 16% of men over 55 years suffer from
HOA5. Total hip replacement (THR) has become a routine therapyl hip replacement; WOMAC,
thritis Index.
uests to: K.P. Günther,
der Klinik für Orthopädie,
Tel: 49-1577-4250032.
äfer), Klaus-Peter.Guenther@
s Research Society International. Pfor these patients. In 2007, a total of 204,018 operations were
performed with 64% of these on women6.
The outcome of THR is determined by medical factors such as
preoperative functional status and co-morbidities as well as
demographic parameters including age and sex7e9. From studies in
other medical areas there is also evidence that social network and
support as well as adequate coping strategies are important
determinants of better health outcomes. For THR it was shown that
married persons report a better postoperative functional status and
that social support can reduce the dislocation rate and increase
quality of life10,11. Furthermore it is well known that social status
deﬁned by major parameters such as education, occupation, and
income determine disease frequency and outcome. This was also
shown for the utilization and outcome of THR in a population-
based study from Italy12. However, a systematic review from 1998
stated that no study has evaluated employment status as a puta-
tively independent predictor of outcome after THR13.ublished by Elsevier Ltd. All rights reserved.
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objective of this study was to simultaneously analyze important
social, educational, and occupational parameters as possible inde-
pendent predictors of outcome after THR.We hypothesized that the
proportion of clinical responders would be higher in higher social
classes as deﬁned by either school or professional education or job
position. Furthermore we wanted to test the hypotheses that
persons with full time employment as well as those with a strong
social network would beneﬁt more from surgery. We used a large
population-based patient registry as the basis for our research.
Methods
For this study we analyzed data from patients of the “Dresden
Hip Surgery Registry”. This registry was established in 2005 and
enrolls prospectively and preoperatively all consecutive patients
who undergo THR at the Department of Orthopaedic Surgery at the
University Hospital Carl Gustav Carus, Technical University Dres-
den, Germany. One week prior to surgery all eligible patients were
informed about the registry and were invited to participate. Those
who gave their written informed consent were asked to ﬁll in
several standard instruments. The data assessment was mainly
based on questionnaire interviews and coordinated by a study
nurse who offered assistance to the interviewee if needed. Patients
answered the questionnaires both prior to and 6 months after
surgery. This investigation is based on patients documented during
the period 2005e2007; for those who had a primary or revision
procedure of their other hip during the same time period, we
included only the ﬁrst hip replacement in the analysis.
All instruments were completed in a paper and pencil version
which was generated by the software Verity (Cardiff TELEform,
Version V8.2) allowing data entry by a scanner system. This system
automatically generates queries in case of unclear answers or
written text which were then individually addressed. Data were
then transferred to the statistical software package SPSS for anal-
yses. The completeness and plausibility of the data were checked
on a regular basis with corrections made and documented when
necessary. Only quality-checked data sets were used for analysis
and publication.
The Ethics Committee of the Medical Faculty of the Technical
University Dresden approved the study design in 2005.
Data assessment and instruments
Preoperatively, basic demographic and medical parameters
including age, sex, height, weight and presence of co-morbidities
were assessed. Furthermore characteristics of the surgery,
comprising indication, type of surgery, surgeon, and etiology were
documented.
We considered the following four variables concerning educa-
tion and occupation as potential predictors for response to THR:
education (graduation after 8, 9 or 12 years of school or no grad-
uation), employment status (full time, part time> 50%, part
time< 50%, trainee, unemployed, retired, partial retirement,
disability pension, ill, housewife), professional education (appren-
ticeship, professional school, technical college, university, other,
none), and job position (worker, employee, civil servant, self-
employed, other). Furthermore, we considered the marital status
(single, married, separated/divorced, widowed) and whether the
patients lived alone.
As a measure of health-related quality of life and physical
functioning, the Western Ontario and McMasters Universities
Osteoarthritis Index (WOMAC) was assessed before and 6 months
after the operation when all patients were contacted again either
during a clinic revisit or by letter. WOMAC is a multidimensional,self-administered health status instrument for patients with
arthritis of the hip of knee joint. It comprises three subscales (pain,
stiffness, physical function), which have been shown to fulﬁll
psychometric quality criteria including face, content, and construct
validity, reliability, responsiveness, and relative efﬁciency14.
WOMAC has been adapted for the German language by testing its
metric properties, testeretest reliability, and validity15. By means of
a ﬁve-response option a patient can indicate howmuch each of the
24 WOMAC items applies to him/her. Here the items were
summarized and transformed into a 100-point utility scale, with
100 points indicating the optimal score.
Primary endpoint of evaluation
For the sake of exploratory analyses, the absolute as well as the
corresponding relative changes (%) in the WOMAC between the
preoperative and postoperative status were considered as the
primary endpoint of evaluation. The primary intention of the
analysis was to evaluate the association of the patients’ 6-month
WOMAC changes with putative cofactors such as age, sex and social
status as parametrized above. For the sake of a multivariate re-
analysis of the resulting association patterns, a binary endpoint
deﬁning “clinical non-responders” as patients with an increase of
less than 20 points in 6-month WOMAC change was introduced.
Analytic strategies
In addition to descriptive statistics, differences in means
between two or more groups were analyzed by non-parametric
tests (ManneWhitney U, KruskaleWallis). Where single categories
of the social variables showed a very low frequency, these were
either omitted or aggregated if possible. Cross-tables and corre-
sponding tests (Chi-square) were used to compare the percentage
of non-responders in different groups. P-values below 0.05 were
considered as indicators of statistical signiﬁcance. To account for
potential confounders, we applied logistic regression analyses to
investigate the associations between clinical non-responders and
several parameters of education, occupation, and social network. As
the latter parameters were highly correlated we tested these
associations in separate models for each single social parameter
adjusting for the same confounders (inclusion models). Non-
responders were deﬁned, as mentioned above. Age at the time of
surgery, sex, BMI, co-morbidities, and preoperative WOMAC score
were included as potentially confounding variables in all models.
Crude and adjusted odds ratios (ORs) and corresponding 95%
conﬁdence intervals (CIs) were reported as measures of association
and uncertainty. All calculations were done by means of the
statistical software package SPSS 16.0.
Results
Patients and baseline characteristics
During the study period a total of 1525 THR were performed; of
these, 1113 (73.0%) were included in the registry. Patients who
declined to participate had in general no interest, did not
acknowledge the purpose and value of the study or were physically
ormentally unable to answer the questionnaires. Sincewe included
only the ﬁrst replacement in instances of multiple hip operations,
the study is based on data from 1007 patients. The youngest patient
was 18 years old at the time of surgery and the oldest 91 years. All
but three patients were German nationals. Basic characteristics and
results for the social variables of the included patients are displayed
in Table I. Complete information on the 6-month follow-up was not
available for 159 patients.
Table I
Basic characteristics of 1007* patients with primary THR
Parameter % (N) or mean (STD)
Female gender 55 (540)
Age 60.9 (12.7)
BMI, preoperative 27.8 (5.0)
Prevalence of co-morbidities 65.3 (654)
THR
















Professional school 16.5 (151)
Technical college 10.3 (94)
University 17.7 (162)
Employment status
Full time 26.9 (249)
Part time 5.6 (52)
Unemployed 6.7 (62)
Retired 54.1 (500)




Civil servant 1.9 (19)
Self-employed 10.0 (98)
Others 3.8 (37)
* Missing data occur.
Table III
Gain in total WOMAC score and percentage of non-responders by different












Single 37.4 17.0 13.8%
Married 39.0 18.5 13.3%
Separated/divorced 37.5 19.8 16.5%
Widowed 34.7 20.1 0.17 23.4% 0.08
Living alone 36.1 19.5 18.9%
Not living alone 38.8 18.5 0.09 13.7% 0.09
School education (years)
8 38.2 19.0 17.0%
9 37.7 19.4 14.1%
12 39.2 17.4 0.73 12.1% 0.29
Professional education
Apprenticeship 37.9 19.1 14.3%
Professional school 39.9 18.0 13.8%
Technical college 38.2 18.2 13.9%
University 38.0 17.7 0.91 15.6% 0.97
Employment status
Full time 38.3 17.1 11.9%
Part time 36.8 18.8 9.5%
Unemployed 36.2 19.9 18.0%
Retired 38.4 18.8 15.3%
Disability pension 36.3 23.1 0.95 25.0% 0.15
Job position
Worker 36.6 19.8 19.4%
Staffer 39.1 18.6 12.6%
Civil servant 33.9 18.3 25.0%
Self-employed 37.1 18.1 15.5%
Others 38.6 16.2 0.58 13.3% 0.17
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Baseline and postoperative scores for WOMAC and its subscales
are shown in Table II. On average the patients achieved an
improvement of 38.2 (18.7) points or 106%. In terms of non-
response 14.8% of the patients showed an improvement of less the
20 points. Table III shows the results for the mean gain in total
WOMAC score and the percentage of non-responders alongside the
categories of educational, occupational, and social status. In Table IV
the results of the logistic regression models including crude and
adjusted ORs are displayed.
Living alone
Patients living alone improved by 36.1 points and thereby less
than those who did not live alone (38.8 points) (ManneWhitney U
P¼ 0.09). Correspondingly, the percentages of non-respondersTable II
Baseline and postoperative scores of WOMAC and subscales in 1007 patients with
primary THR
Mean (STD) Preoperative Postoperative
WOMAC (total) 45.8 (15.8) 84.4 (16.9)
Pain 46.4 (17.9) 88.5 (16.8)
Stiffness 57.9 (26.5) 87.6 (17.1)
Physical functioning 44.2 (16.9) 82.7 (18.4)were higher among patients who lived alone (18.9% vs 13.7%,
Fishers exact test P¼ 0.09).
When additionally taking age, sex, BMI, co-morbidity and
preoperative WOMAC into account in a logistic regression analysis
of clinical non-response, the preoperative WOMAC score was
signiﬁcantly associated with the response outcome. Living alone
increased the risk of clinical non-response signiﬁcantly by 70%
(OR¼ 1.70, 1.02e2.85).
Marital status
The mean gain in WOMAC points for different categories of
marital status are displayed in Fig. 1. It is clear that married patients
have the highest beneﬁt, whereas widowed patients showed
a markedly lower increase in total WOMAC score. Correspondingly
the percentage of non-responders was highest in those whose
partner had died. In bivariate analyses, these differences were not
statistically signiﬁcant. However, when taking relevant
confounders into consideration it became clear that widowed
patients had a more than four times higher and signiﬁcantly
increased risk of non-response when contrasted to single persons.
In essence, independently from the preoperative WOMAC score,
sex, age, co-morbidity, and BMI, the fact of being widowed signif-
icantly increased the risk of non-response after THR.
Education
The data on mean gain in WOMAC points as well as on the
percentages of non-responders indicate a monotonic trend of
WOMAC increases with increasing length of school education and
Table IV


















Single 62 1 65 1
Married 530 1.27 0.54 3.02 587 0.95 0.45 2.01
Separated/divorced 76 1.43 0.50 4.05 78 1.13 0.44 2.88
Widowed 79 4.30 1.45 12.71 93 1.93 0.82 4.52
Not living alone 1 1
Living alone 1.70 1.02 2.85 1.50 0.96 2.32
School education (years)
8 275 1 305 1
9 276 0.67 0.38 1.18 303 0.78 0.50 1.22
12 194 0.49 0.27 0.89 213 0.68 0.41 1.12
Professional education
Apprenticeship 378 1 412 1
Professional school 110 0.82 0.43 1.58 123 0.98 0.55 1.75
Technical college 73 0.94 0.45 1.99 78 1.00 0.50 2.01
University 131 0.71 0.38 1.32 147 1.13 0.67 1.91
Employment status
Full time 189 1 208 1
Part time 37 1.24 0.38 4.06 42 0.81 0.27 2.46
Unemployed 48 2.12 0.85 5.30 50 1.68 0.73 3.89
Retired 374 2.18 0.93 5.14 416 1.39 0.84 2.30
Disability pension 43 5.81 2.33 14.46 48 2.56 1.17 5.57
Job position
Worker 194 1 205 1
Employee 445 0.55 0.33 0.90 491 0.62 0.40 0.95
Civil servant 11 1.26 0.27 5.92 12 1.42 0.37 5.49
Self-employed 72 0.41 0.18 0.94 84 0.78 0.39 1.55
Others 25 0.51 0.14 1.93 30 0.66 0.22 1.99
Statistically signiﬁcant results are in bold letters.
* All models are adjusted for age, sex, BMI, co-morbidity and preoperative total WOMAC score.
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increasing school education. In bivariate analyses, these differences
were not statistically signiﬁcant. After control for confounders,
however, this trend was even more pronounced and statisticalFig. 1. Gain in total WOMAC score by marital ssigniﬁcance was achieved when contrasting those patients who
ﬁnished school after 12 years to those who ended after 8 years. A
longer education decreased the risk of non-response, indepen-
dently from confounders, signiﬁcantly by 51% (Table IV).tatus in 1007 patients with primary THR.
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Nosigniﬁcant difference or trend inWOMAC score increases or of
percentage of non-responders concerning the type of professional
educationwas observed. In themultivariate analyses a trend toward
a decreasing risk of non-response with increasing professional
education was revealed. Compared to patients who completed
apprenticeship, those who ﬁnished university had a 29% risk
reduction (although not statistically signiﬁcant) of non-response.
Employment status
The highest gain in WOMAC points was achieved by full time
employed and retired patients. Non-response was by far most
frequent in the group of patients who received a disability pension.
None of these differences were statistically signiﬁcant in bivariate
analyses. After control for further parameters, however, it could be
shown that the risk for non-response was lowest in full time
employed patients and that compared to these, patients with
a disability pension had an almost six-fold signiﬁcantly increased
risk of non-response (Table IV).
Job position
Following the descriptive analysis, employees showed the
highest gain inWOMAC scores and the frequency of non-responder
peaked among civil servants. Taking important confounders into
consideration, employees and self-employed patients had, when
being contrasted to workers, a signiﬁcantly decreased risk for non-
response by 45% and 59%, respectively.
Discussion
This study demonstrates that social, educational, and occupa-
tional factors have a signiﬁcant impact on functional outcome and
response to surgery. Widowed patients and those receiving
a disability pension or living alone had a signiﬁcantly increased risk
of non-response, whereas patients with longer school education
and employees and self-employees showed a signiﬁcantly
decreased risk of non-response. It is important to note that appro-
priate statistical analyses proved these associations to be inde-
pendent from confounders such as age, sex, co-morbidity or
preoperative status. Interestingly, some associations were covered
by other parameters and did not prove signiﬁcant in bivariate
analyses. Not all of the variables included in themodels as potential
confounders showed signiﬁcant associations with the outcome and
all exposures in bivariate analyses. We repeated all regression
analyses controlling only for preoperative WOMAC score, which
was found to be associated with exposure and outcome. All signif-
icant results could be repeated. We therefore decided to present
the fully adjustedmodels in order to justify the assumption that the
reported associations exist independently from these factors. As
the parameters of interest were correlated they were tested in
separate models. Consequently the implementation of interaction
terms (e.g., marital statusliving alone) revealed no statistically
signiﬁcant result. It cannot, however, be assumed that the associa-
tion of one parameter is explained by another one. We therefore
tested additional models, which included besides the aforemen-
tioned potential confounder the marital status and furthermore
combinations of school education and employment status, school
education and job position, professional education and employ-
ment status or professional education and job position. In all
models, marital status (“widowed”) and employment status
(“disability pension”) preserved their signiﬁcant associations,
whereas the professional education variable, as before, failed toreach signiﬁcance. School education did not reach signiﬁcant results
any more, although the effect estimates were not changed much.
The two signiﬁcant results for the variable job position remained
with the exception of one model where the category of employees
failed to reach statistical signiﬁcance. We therefore conclude that
these associations are mainly independent from other social
variables.
These ﬁndings have implications for the health service since
obviously speciﬁc subgroups demand special care in order to
improve the postoperative outcome. On the other hand it is
worthwhile to further analyze why higher education or self-
employment was associated with much better improvement. Some
likely explanations may include better medical knowledge, higher
involvement in postoperative rehabilitation, and the need to return
to work.
There are only a few studies to compare our results with. With
respect to marital status and social support it was shown by
Greenﬁeld and colleagues that married patients report better
functional outcomes after THR than unmarried patients11. This is in
indirect accordance with our ﬁnding of a higher risk of non-
response in widowed patients. Another study reported that better
social support decreases the dislocation rate and increases quality of
life10. Concerning educational parameters, Greenﬁeld et al. reported
in the same study that THR patients with a high school education
had signiﬁcantly better scores for instrumental activities of daily
living11. Similarly, a study from Canada found that the length of
school education is associated with better outcomes of pain and
physical functions as measured by WOMAC 6 months after THR16.
An investigation from the USA revealed that non-response after
THR, as deﬁned as a global WOMAC score of less than 50 points,
occurs more frequently in patients who received less than a college
education (OR 3.7, 1.6e8.8)17. These ﬁndings correspond well with
our result of a decreasing risk of non-response with increasing
length of school education.We are not aware of any studyevaluating
occupational parameters as predictors of outcome following THR.
Therefore, our results concerning job position and employment
status may be unique and can lead to further research in this area.
This study has strengths and limitations. We investigated a total
of 1007 patients which is a reasonable sample size allowing for
robust regression model estimates and subgroup analyses to some
degree. Multiple parameters of education and occupational status
were assessed and tested.
We compared those with available data for the 6 months’
follow-up to those, lost to follow-up (n¼ 159). The groups did not
differ in age, gender or BMI. The preoperative total WOMAC was
higher (46.4) in those who completed the study, compared to those
who were lost to follow-up (41.9) (P< 0.001), indicating a potential
loss in outcome variability.
Although not the objective of this study, it is of particular
interest to determine the percentage of those patients, who were
disabled prior to surgery and could return to work afterward. The
study of Nevitt and co-workers from San Francisco revealed that 20
out of 58 patients (35%) who were disabled prior to THR attempted
to return to work within 1 year18. In contrast six out of 81 patients
(7%), who worked prior to surgery could not successfully return to
work. A similar investigation from Mobasheri and colleagues from
Guildford, UK could show that all but two of 51 patients working
prior to THR remained employed, whereas 13 out of 30 (43%)
unemployed patients returned to some kind of work after
surgery19. In the latter group self-employed patients returned to
work about 9 weeks earlier than employees. This is in accordance
with our ﬁnding of a signiﬁcantly lower frequency of non-
responder among self-employed patients compared to workers.
Data fromDemark conﬁrmed that most (92%) patients whoworked
before THR continued to work and 56% of patients on sick-leave
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purpose of this study to investigate changes in working status after
THR, our study is limited by the lack of follow-up data in this area.
The reported associations could be analyzed in more depth by
implementing standard instruments e.g., on social network, coping,
social status or health locus of control. A future subproject of our
registry will focus on these aspects. In order to keep the time and
effort which is necessary to administer the registry questionnaires
for both patients and investigators at a feasible level we decided not
to include all these instruments into the general interview.
We chose a 6-month follow-up time to guarantee comparability
with other studies and a time point which is well balanced between
short and long term effects.
Although we observed several statistically signiﬁcant results, the
clinical relevance and the underlying mechanisms of these associa-
tions, however, have tobe furtherelucidated.A furtherpossiblepoint
of discussion arises from our deﬁnition of “non-response”: There is
no commonway to deﬁne non-response after THR. When choosing
a cut off point of less than 20 points inWOMACgain,we followed the
strategy of Nilsdotter et al.8, who investigated predictors of non-
response after THR. Although such cut off points are always arbitrary
there is a methodological background which justiﬁes this approach.
It is known from clinical trial of rehabilitation intervention and
medical treatment that the smallest detectable clinical improvement
inWOMAC function and pain is 9e12 score units21,22. Given that the
responsiveness ofmedical treatment in osteoarthritis is about half as
highas forcausal surgical treatment23,24 it is reasonable todouble the
smallest detectable clinical improvement formedical treatment. This
cut off point is also in accordance with the OARSI deﬁnition of high
improvement of function25. Another approach in terms of an
outcome sensitivity analysis, might deﬁne non-responders based on
the actual data as those in the lowest quartile of relative change in
WOMAC. When using this deﬁnitionwe received virtually the same
results also with respect to effect estimates and signiﬁcance in
logistic regression analyses as with the other outcome (data not
shown). This might account for consistency and reliability of the
chosen endpoint. Other concepts have been developed such as the
Patient Acceptable Symptom State (PASS) or theMinimum Clinically
Important Improvement (MCII)26,27. We are not aware of a PASS for
the global WOMAC in patients undergoing THR. For the domains of
pain and function the majority of the special interest group deﬁned
40 points as a PASS cut point28. Deﬁning non-responder as patients
with a postoperative global WOMAC score of <40, however, would
have left us with as few as 25 cases which does not make further
analyses meaningful. The MCII concept has been developed on
a French population of patients with hip and knee arthritis receiving
oral medication in terms of NSAID29. In this respect the applicability
to our study is limited. A difference of 20 points, however, was
considered to be themost appropriate cut point for the domain pain
and the overall assessment as well as being also appropriate for the
domain functioning by the special interest group. Therefore, we
believe that we generated meaningful and patient-oriented results
with our approach.
In summary we could show that social, educational, and occu-
pational factors such as marital status, school education, employ-
ment status, and job position are independent predictors of
response to THR. This can help to modify the health service by
identifying subgroups which need special attention in order to
increase response rates.
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